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(S) Improvements in or relating to pipes. 



@ The invention provides a pipe having a pjpe 
vyall comprising a polyolefin layer 21, and bon- 
ded thereto with no intervening adhesive layer a 
barrier layer 22 fonmed of a barrier material, 
which bamer material has enhanced resistance 
to the penmeation therethrough of gaseous 
and/or hydrocarbon materials relative to the 
polyolefin ; either the polyolefin layer or barrier 
layer or both having adhesive polymer units 
incorporated therein, in at least the region of an 
interface between the layers ; the adhesive 
polymer units being present in a concentration 
effective to bond the polyolefin layer 21 to the 
barrier layer 22. In a prefen'ed embodiment, the 
adhesive polymer units are contained within the 
barrier layer, which is preferably fonmed of a 
rubber-modified polyamide. 
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The present invention relates to a polyolef in pipe 
having a wall structure incorporating a barrier layer 
for preventing or substantially Impeding the permea- 
tion therethrough of gaseous and/or hydrocarbon ma- 
terials. 

In recent years, there has been an increasing 
trend to form pipes intended to carry mains services 
such as water or gas, or to carry petroleum or oil or 
natural gas products, from polyolef ins, and more par- 
ticularly polyethylene. In many respects, polyethy- 
lene (PE) is an ideal pipe-line material and many tech- 
niques have been developed to make the best use of 
its handling and physical characteristics, such ais its 
flexibility and toughness. However, one problem with 
polyethylene is that whereas It has very low perme- 
ability to water vapour and aqueous media in general, 
it is very permeable to hydrocarbons and other organ- 
ic solvents, including petroleum products and to 
many gases. From economic, environmental and 
health and safety points of view, polyethylene is 
therefore unsuitable for many applications. Examples 
of situations where it is highly desirable if not essen- 
tial that the wall of the pipe should have low penme- 
ability to hydrocarbons and oil and petroleuni based 
products are pipe systems for transmission of petro- 
leum based fluids, for example pipes for petrol sta- 
tions connecting underground tanks to dispensing 
pumps, or pipes for the transmission of natural oil and 
gas products, for example in the off-shore oil Indus- 
try. Other situations in which low permeability of the 
pipe to hydrocarbons would be very important are in 
relation to pipes for potable water intended to be laid 
in contaminated ground (e.g. contaminated with oil, 
coal tar, petroleum etc). In this situation, the need Is 
to prevent Ingress of hydrocarbon into the water sup- 
ply, rather than egress out through the walls of the 
pipes. 

Polymers are known which have a very low per- 
meability to hydrocarbons and to gases and exam- 
ples of such polymers include ethylene vinylalcohol 
polymer (EVOH), polyamides of all kinds (PA), poly- 
ethylene terephthalate (PET) and polyvlnylidene flu- 
oride (PVdF) and polyvlnylidene chloride (PVdC). 
, However, such materials have very different physical 
properties to polyethylene and/or are considerably 
more expensive, and consequently It is not practical 
ble to construct pipelines from such materials. 

In some fields (e.g. the food packaging Industry), 
It has become relatively commonplace to incorporate 
such relatively impermeable polymers into multi-layer 
products, by coextrusion and other processes. Typi- 
cally packaging film for food products may consist of 
various thin layers of different polymers, each having 
its own attributes. Commonly, these polymers will in- 
clude low density polyethylene or linear low density 
polyethylene for the main body of the film (the thick- 
est layer) along with a thin barrier layer of, for exam^ 
pie. EVOH sandwiched between two layers of poly- 



ethylene. However, it js necessary for the various lay- 
ers to be bonded together using an adhesive polymer 
or tie layer, which may serve no othier purpose than 
as a bonding material. Thus, for example jf it were de- 

5 sired to incorporate a thin layer of EVOH into a poly- 
ethylene film product in order to confer low oxygen 
permeability, then such a layer of EVOH would be 
sandwiched between two layers of PE and two tie lay- 
ers, making five layers jn all i.e. PE/tie/EVOH/tle/PE. 

10 In this way a film is produced having physical proper- 
ties similar to polyethylene, but with low oxygen per- 
nieability. A|so, as the EVOH and tie layers are rela- 
tively thin, the material cost is not significantly in- 
creased. Additional layers may also be provided to in- 

t5 corporate, for example, recycled material or other ma- 
terials having additional properties or particular bar- 
rier properties with respect to individual chemjcals. 
Thiis can lead to multi layer structures having seven 
or more layers. 

20 Whereas such technology could be adapted for 

use in the manufacture of pipes, the need for a five 
layer structure considerably complicates the extru- 
sion process and leads to substantial capital cost, 
It has now been found by the applicant that it Is 

25 possible to omit the adhesive layers or tie layers with- 
out weakening the wall structure and without increas- 
ing any tendency to delamination of the layers, by in- 
corporating into the polyethylene layer and/or the bar- 
rier layer a relatively small concentration of an adhe- 

30 sive polymer. Surprisingly it has been found that even 
when the polyolef in layer or the barrier layer contain 
only small concentrations of adhesive polymer, nev- 
ertheless a good level of adhesion can be developed 
during the coextrusion process. More surprisingly, 

35 the adhesive polymer can be incorporated in the bar- 
rier layer alone without reducing the bonding strength 
between the two layers. This bonding strength was 
enhanced when a barrier layer was used having some 
olef inic characteristics. Even more surprising was the 

40 finding that by incorporating the adhesive polymer 
into the barrier layer, there was no increase in perme- 
ability of the barrier layer and in fact in certain instanc- 
es the permeability may even have been reduced, de- 
spite the expectation that the adhesive polymer not 

45 being of particularly low permeability Itself would be^ 
have merely as a diluent. 

Accordingly, in a first aspect, the invention pro- 
vides a pipe having a pipe wall comprising a polyolef in 
layer, and bonded thereto with no intervening adhe- 

50 sive layer a barrier layer formed of a barrier material, 
which barrier material has enhanced resistance to the 
permeation therethrough of gaseous and/or hydro- 
carbon materials relative to the polyolef in; ither the 
polyolef in layer or barrier layer, or both, having adhe- 

55 sive polymer units incorporated therein, in at least the 
region of an interface between the layers; the adhe- 
sive polymer units being present in a cone ntration 
effective to bond the polyolef in layertothe barrier lay- 
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er. 

In one embodiment, the barrier layer has incorpo- 
rated therein the said adhesive polymer units. 

A pipe according to the present invention may 
have a wall consisting of two layers, i.e. a polyolef in 
layer and a banrier layer. The barrier layer may define 
the external surface of the pipe, or it may define the 
internal surface of the pipe. In another emt>odinfient. 
the wall of the pipe may comprise a barrier layer sand- 
wiched between two polyolef in layers. 

The adhesive polymer units may fomi part of an 
adhesive polymer which is admixed with the polyole- 
fin and/pr barrier material prior to pipe formation. The 
adhesive polymer preferably is derived in part from 
olefin monomers. 

The adhesive polymer units can, for example, be 
derived from unsaturated epoxy or acyl compounds. 
Examples of unsaturated acyl compounds are those 
selected from unsaturated monocarboxylic acids, un? 
saturated dicarboxylic acids, and derivatives thereof 
such as acid halides, amides, imides, anhydrides and 
esters thereof. Preferably the adhesive polymer units 
are derived from unsaturated dicarboxylic acids and 
anhydrides thereof. Alternatively, the adhesive poly- 
mer units may be derived from an unsaturated epoxy 
compound, such compound having an epoxy and one 
or more unsaturated bonds capable of polymerisation. 
The unsaturated epoxy compound may, for example be 
a compound selected from R.CO.O.CH2CHOCH2, 
R.X.CH2.CHOCH2 and R.R\COCH2 where R is a hy- 
drocarbon group having an ethylenic unsaturated 
bond capable of polymerisation, R' is hydrogen or Ci-e 
alkyi (preferably methyl) and X is a group - CH2O - or 
-(CeH4)-0-. 

Particular examples of unsaturated acyl and 
epoxy compounds are acrylic acid, methacrylic acid, 
a-ethylacrylicacid, maleicacid, fumaricacid, itaconic 
acid, citraconic acid, tetrahydrophthalic acid, methyl- 
tetrahydrophthalic acid, endo-cis-bicyclp[2.2.1] hep- 
to-5-en-2,3-dicarboxylic acid, and methyl-endo-cisbi- 
cycio [2.2.1] hepto-5-en-2,3 dicarboxylic acid, malea- 
nil chloride, maleimide, maleic anhydride, citraconic 
anhydride, maleic acid monomethyl ester and maleic 
acid dimethyl ester, glycidyj acrylate, glycidyl me^* 
thacrylate, mono- and diglycidyl esters of itaconic 
acid, mono-, d|- and triglycidyl esters of butene tricar- 
boxylic acids, mono- and diglycidyl esters of cit- 
raconic acid, mono- and diglycidyl esters of 
endo-cis-bicyclo[2.2.1]-hepto-5-en-2,3-dicari> 
oxylic acid, mono- and diglycidyl esters of endo- 
cis-bicyclo[2.2.1]-hepto-5-en-2-methyl-2,3-dicart)- 
oxytic acid, mono-and diglycidyl esters allylsuccinic 
acid, glycidyl esters of P-styrene carboxyjic acids, al- 
ly! glycidyl ether, 2-methyally! glycidyl ether, styrener 
p-glycidyl ether,3,4-epoxy-1 -butene, 3,4-epoxy-3- 
methyl- 1 -butene, 3,4-eppxy-1-pentene, 3,4-epoxy-3- 
methyl- 1-pentene. 5,6-epoxy-1-hexene and vinylcy- 
clohexene monoxide. 



The adhesive polymer used in the pipes of the 
present invention may be formed in one of a number 
of ways. Thus th y can be formed f rpnri :- 

a) Random co-polymerisation of olefin mono- 
5 mers and unsaturated acyl compouhds; 

b) Block co-polymerisation of olefin monomers 
and unsaturated acyl compounds; 

c) Graft polymerisatbn of unsaturated acyl com- 
pounds to polyolef ins; 

10 d) Random co- polymerisation of olefin mono- 

mers and unsaturated epoxy compounds; 

e) Block co-polymerisatipn of olefin monomers 
and unsaturated epoxy compounds; arid 

f) Graft co-polymerisation of unsaturated acyl 
15 compounds to polyolef ins. 

A most preferred adhesive polymer is a graft co- 
polymer derived from maleic anhydride and polyethy- 
lene. 

The concentration of adhesive polymer units in 

20 the region of the interface between the barrier layer 
and the polyolef in layer will be sufficient to enable the 
two layers to be bonded together during pipe manu- 
facture to form a t)ond of sufficient strength such that 
delamination thereafter does not occur during the use 

25 of the pipe. Thus, for example, the layer or layers con- 
taining the adhesive polymer units can be of a com- 
position (In at least the interface region) wherein mo^ 
lecular chains containing or defining the adhesive 
polymer units constitute at least 0.1% by weight arid 

30 preferably 1 to 1 5% by weight, for example approxi- 
mately 5-10% by weight. 

The barrier layer is preferably formed of a sub- 
stance which has low permeability to hydrocarbons 
and/or gases such as oxygen and examples of such 

35 barrier materials are ethylene vinyL alcohol (EVOH), 
polyarriides such as polyamide 6, modified polya- 
mides, polyethylene terephthalate, polyvinylideneflur 
oride and polyvlnylidene chloride. 

The barrier material may be a nfK>dif led material 

40 having olefinlc characteristics, for example by virtue 
of being mixed with, and preferably chemically linked 
to, an olefinic component The olefinlc component 
can be, for example, an elastomer such as ethylene 
propylene rubber. . 

45 In particular, excellent adhesion may be provided 

when the barrier material is a modified polyamide 
having olefinic characteristics, for example an elasto- 
mer modified polyamide containing an elastomer 
such as ethylene propylene rubber. The elastomer js 

50 preferably chemically linked to the polyamide. This 
may be achieved by grafting the ethylene propylene 
rubber with the anhydride of an unsaturated carbox- 
ylic acid, such as maleic anhydride, and then reacting 
the resulting graft polymer with the polyamide so as 

55 to effect chemical linkage therebetween. An advan- 
tage of a polyamide material thus modified is that it 
has enhanced flexibility giving improved compatibili^ 
ty with the polyolef in (eg polyethylene) pipe material. 
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In a further aspect, the present invention pro- 
vides a process for preparing a pipe as defined above, 
which method comprises coextruding coaxial layers 
of the polyolefin and bartjer material in the required 
configuration, under conditions effective to fuse to- 5 
gether the said polyolefin and barrier layers. 

The invention will now be illustrated, but not lim- 
ited, by reference to the particular embodiments 
shown in the accompanying drawing of which :- 

Figure 1 is a sectional elevation of a prior art mul- io 

ti-layer fonm of construction; 

Figure 2 is a sectional view through part of the 

wall of a pipe bi-laminar pipe according to one 

embodiment of the invention; and 

Figure 3 is a cross-sectional view through part of is 

the wall of a tri-laminar pipe according to a sec- 
ond embodiment of the invention. 

Turning now to the figures, it can be seen that fig- 
ure 1 illustrates a known form of construction of a 
multi-layer plastics article incorporating a barrier lay- 20 
er. The wall of the article includes a barrier layer 3 
formed of, for example EVOH, PA. PET or PVdF sand- 
wiched between two polyethylene jayers 1 and 5. The 
polyethylene and barrier layers are bonded together 
by adhesive layers 2 and 4 which can be, for example 25 
an adhesive polymer such as a copolymer derived 
from maleic anhydride and polyethylene, eg Admer 
L2100 (Trade Mark) or Novatec AP547H (Trade 
Mark). A five layer structure of this type may be ac- 
ceptable and relatively straightforward to manufac- 30 
ture for many applications, but if used in the construc- 
tion of pipes would be relatively costly and complicat- 
ed to produce. Pipes having a wall structure which 
contain a barrier layer but which omit a separate ad- 
hesive or tie layer in accordance with the invention 35 
are illustrated in Figures 2 and 3. Thus, in Figure 2 
there is shown a bi-layer pipe consisting of a high den- 
sity polyethylene -(HOPE) layer 21 directly bonded to 
a banrier layer 22 which in this embodiment is formed 
from polyamide 6 such as DuPont Zytel FE7101. In 40 
this embodiment, either the polyethylene layer 21 or 
the barrier layer 22, but preferably the barrier layer, 
contain 5% by weight of an adhesive polymer which 
is a graft co-polymer of maleic anhydride and poly- 
ethylene, the grafting rate being 0.1 to 15 parts by 45 
weight of the graft monomer to the polyolefin. Such 
an adhesive polymer is sold under the name Admer 
(trade mark) manufactured and sold by h4itsui Petro^ 
chemical Industries Tokyo, Japan. 

Purely by way of example, the HOPE layer can be so 
up to 30mm thick whereas the polyamide 66 layer 22 
can be up to 5mm thick. 

A test sample having a 2mm HOPE layer and a 
0.5mm modified PA6 barrier layer was formed by co- 
extrusion. The modified PA6 layer was formed from 55 
an ethylene propylene rubber-modified polyamide 
sold by Duppnt under the tradename "Zytej". The PA6 
layer contained in addition to the modified polyamide. 



10% by weight of the adhesive resin "Novatec". the 
high density polyethylene was xtruded using a 
62.5mm single screw extruder with a barrel tempera- 
ture of 170-250^C and the barrier polymer was ex- 
truded using a 32mm single screw extruder with a 
barrel temperature of 230 - 260^C. Both extruders 
terminated at a coextrusion die (temp 230-260°C) 
having internal passageways which formed an annu- 
lar pipe extrudate of approx 18mm diameter and hav- 
ing a thin layer of barrier polymer (0.1 - 0.5mm) at the 
approx centre of the wall thickness and between two 
layers of the high density polyethylene (total wall 
thickness 2 - 3mm). The pipe was then calibrated and 
cooled. 

The resulting test pipe was inspected visually for 
delamination, and the cut end was probed with a scal- 
pel blade in an attempt to separate the layers; no de^ 
lamination was observed. Pipe samples were also im- 
mersed for 30 days in the solvents xylene and metha- 
nol, with no observed delamination. Only when a pipe 
sample was placed into a tensile testing machine and 
subject to tensile loading so that there was massive 
deformation and yielding of the two materials, was it 
possible to force delamination to occur. As pipes in 
service are never deliberately subjected to such de- 
formation (which would be considered failure any- 
way), this Is considered a very satisfactory result. 

The permeability of the pipe to hydrocarbons was 
tested at ERA Technology Limited, Leatherhead, Sur- 
rey, United Kingdom, by an accelerated method. Pipe 
samples (in duplicate) containing 20% by volume of 
xylene were sealed and placed into an air circulating 
oven at eO'^C for 30 days, the weight loss being moni- 
tored every day. The weight loss for the coextruded 
pipe described above was less than 9% after 7 days 
of that for a pipe of similar dimensions made from ho- 
mogeneous high density polyethylene only. After 30 
days the all HOPE pipe had lost virtually all of the xy- 
lene, whereas the coextruded pipe retained 70%. 

Examples of polyamides particularly suitable for 
use in the pipes of the type illustrated in Figures 2 and 
3 above are modified polyamides, for example the 
modified polyamide 6 sold under the name PA6 Zytel 
FE7101 by DuPont (UK) Ltd, Hemel Hempstead UK. 

The embodiments illustrated in the accompany- 
ing drawings are given merely by way of example, and 
It will readily be appreciated that numerous modifica- 
tions and alterations may be made without departing 
from the principles underlying the present Invention. 
All such amendments and alterations are intended to 
be embraced by this application. 



Claims 

1. A pipe having a pipe wall comprising a polyolefin 
layer, and bonded thereto with no intervening ad- 
hesive layer a barrier layer formed of a bam'er 
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material, which barrier material has enhanced r t 
sistance to the permeation therethrough of gas- 
eous and/oir hydrocarbon materials relative to the 
polyolefin; either the polyolefin layer or barrier 
layer, or both, having adhesive polymer units in- 
corporated therein, in at least the region of an in- 
terface between the layers; the adhesive poly- 
mer units being present in a concentration effec- 
tive to bond the polyolefin layer to the barrier lay- 
er, 

2. A pipe according to Claim 1 wherein the barrier 
layer has incorporated therein the said adhesive 
polymer units. 

3. A pipe according to Claim 1 or Claim 2 having a 
wall consisting of two layers, i.e. a polyolefin lay- 
er and a barrier layer. 

4. A pipe according to Claim 1 or Claim 2 wherein 
the wall of the pipe comprises a barrier layer 
sandwiched between two polyolefin layers. 

5. A pipis according to any ope of the preceding 
Claims wherein the adhesive polymer units form 
part of an adhesive polymer which is adnriixed 
with the polyolefin and/or barrier material prior to 
pipe formation. 

6. A pipe according to any one of the preceding 
Claims wherein the adhesive polymer is derived 
in part from olefin monomers, 

7. A pipe according to any one of the preceding 
Claims wherein the adhesive polymer units are 
derived from unsaturated epoxy or acyl com- 
pounds. 

8. A pipe according to Claim 7 wherein the unsatu- 
rated acyl compounds are those selected from 
unsaturated monocarboxylic acids, unsaturated 
dicarboxylic acids, and derivatives thereof such 
as acid hatides, amides, imides, anhydrides and 
esters thereof. 

9. A pipe according to Claim 8 wherein the adhesive 
polymer units are derived from unsaturated di- 
carboxylic acids and anhydrides thereof. 

10. A pipe according to Claim 7 wherein the adhesive 
polymer units are derived from an unsaturated 
epoxy compound. 

11. A pipe according to Claim 8 wherein the adhesive 
polymer units are derived from a graft co-polymer 
derived from maleic anhydride and polyethylene. 



Claims wherein the layer or layers containing the 
adhesive polymer units are of a composition, in at 
least the interface region, wherein molecular 
chains containing or defining the adhesive poly- 
5 mer units constitute at least 0.1% by weight of the 

said layer or layers, for example wherein the said 
molecular chains constitute 1 to 1 5% by weight of 
the layer or layers, preferably approximately 5 to 
10% by weight of the said layer or layers. 

10 

13. A pipe according to any one of the preceding 
Claims wherein the barrier layer contains a barri- 
er material selected from ethylene vjnyl alcohol, 
polyamides, modified pplyamides, polyethylene 
15 terephthalate, polyvinylidene fluoride, and polyvi- 

nyl idene chloride. 

14i A pipe according to Claim 13 wherein the barrier 
material is a modified material having olefinic 
20 characteristics. 

15. A pipe according to Claim 14 wherein the olefinic 
characteristics are imparted by virtue of the bar- 
rier material being mixed with, and preferably 

25 chemically linked to, an olefinic component 

16. A pipe according to Claim 15 wherein the olefinic 
component is an elastomer such as ethylene pro- 
pylene rubber. 

30 

17. A pipe according to Claim 15 wherein the barrier 
material is modified polyamtde containing an 
elastomer such as ethylene propylene rubber, the 
ethylene propylene rubber being chemically 

35 linked to the polyamkie. 

18. A pipe according to Claim 17 wherein the modi- 
fied pplyamide has been formed by grafting ethy- 
lene propylene rubber with the anhydride of an 

40 unsaturated cart)oxylic acid such as maleic an- 
hydride, and then reacting the resulting graft 
polymer with polyamide so as to effect a chemical 
linkage therebetween. 

45 19. A process for preparing a pipe as defined in any 
one of the preceding Claims, which method com- 
prises coextruding coaxial layers of the polyole- 
fin and barrier material in the required configura- 
tion, under conditions effective to fuse together 

so the said polyolefin and barrier layers. 



55 



12. A pipe according to any one of the preceding 
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